Brown carbon (BrC) contributes significantly to aerosol light absorption, thus can affect the earth's 32 radiation balance and atmospheric photochemical processes. In this study, we examined the light 33 absorption properties and molecular compositions of water-soluble (WS) and water-insoluble (WI) 34 BrC in PM2.5 collected from a rural site in the Guanzhong Basina highly polluted region in 35 Northwest China. Both WS-BrC and WI-BrC showed elevated light absorption coefficients (Abs) 36 in winter (4-7 times of those in summer) mainly attributed to enhanced emissions from residential 37 biomass burning (BB) for heating. While the average mass absorption coefficients at 365 nm 38 (MAC365) of WS-BrC were similar between daytime and nighttime in summer (0.99±0.17 and 39 1.01±0.18 m 2 g -1 , respectively), the average MAC365 of WI-BrC was more than a factor of 2 higher 40 during daytime (2.45±1.14 m 2 g -1 ) than at night (1.18±0.36 m 2 g -1 ). This difference was mainly 41 attributed to enhanced photochemical formation of WI-BrC species, such as oxygenated polycyclic 42 aromatic hydrocarbons (OPAHs). In contrast, the MACs of WS-BrC and WI-BrC were generally 43 similar in winter and both showed little diel differences. The Abs of WS-BrC correlated strongly 44 with relative humidity, sulfate, and NO2, suggesting that aqueous-phase reactions is an important 45 pathway for secondary BrC formation during the winter season in Northwest China. Nitrophenols 46 on average contributed 2.44±1.78% of the Abs of WS-BrC in winter, but only 0.12±0.03% in 47 summer due to faster photodegradation reactions. WS-BrC and WI-BrC were estimated to account 48 for 0.83±0.23% and 0.53±0.33%, respectively, of the total down-welling solar radiation in the UV 49 range in summer, and 1.67±0.72% and 2.07±1.24%, respectively, in winter. The total absorption 50 by BrC in the UV region was about 55-79% relative to the elemental carbon (EC) absorption.
Chemical Analysis
that >92% of BrC was extractable by organic solvents (methanol or acetone).
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The wavelength dependence for BrC absorption is fit with a power law equation:
where K is a constant and AAE stands for absorption Ångström exponent. In this study, the AAE 177 for a given sample is calculated through the linear regression of log(Absλ) against log λ between 178 300−450 nm. This wavelength range is chosen because the fits of all the samples in this study are 179 better than r 2 =0.99. Note that slightly higher AAE values (by up to 10%) are obtained using a 180 wider wavelength range (e.g., 300-550 nm; Figure S2 ).
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The fraction of solar irradiance absorbed by particulate BrC at a given wavelength is 182 estimated following the Beer−Lambert's law: 
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The AAEWI-BrC shows more obvious seasonal variations with a higher average value in (Table 1 ). As summarized in Table 2 , the MAC365,WS-BrC measured in this study, i.e., at a rural 
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In winter, the average MAC365,WI-BrC (0.95±0.32 m 2 g -1 ) is comparable to MAC365,WS-BrC 240 (0.93±0.25 m 2 g -1 ; Table 1 ). However, in summer the MAC365,WI-BrC is significantly higher than (Table 1 ). The daytime enhancement of OPAHs 306 concentrations in summer is even more pronounced with an average day/night ratio of ~4.6 and 307 as high as 9.8 for individual OPAH species (e.g., 6H-henzo(cd)pyrene-6-one; Figure S4 ). Both and 3). However, the good correlation between OPAHs and Abs365,WI-BrC in summer appears to 311 be mainly driven by daytime production, as the correlation coefficient (r 2 ) is 0.72 for the daytime 312 data but is <0.1 for the nighttime data ( Figure S5a ). These results suggest that photochemical Table S3 ). In addition, due to a significantly higher abundance of nitrophenols 357 during nighttime in winter, their fractional contribution to aerosol absorption is on average 2.5 358 times higher than during the day (3.47±2.03% vs. 1.41±0.29%). (Table S1) , and their temporal variations are shown in Figure S3 . No 
Va riation of BrC during extreme haze events in winter 379
In recent years, extreme haze events with very high PM2.5 concentrations (up to 500-600 μg which increases continuously during the haze period with a peak value at 43.3 Mm -1 (Figure 1e) , 396 correlates well with RH (r 2 =0.65), sulfate (r 2 =0.84) and NO2 (r 2 =0.70) ( Figure 4) . These results 
Estimation of direct absorption of solar radiation by BrC

413
Since the light absorption of BrC is mainly in the UV spectral region, an important concern 414 is that BrC can reduce the solar actinic flux and thus affect atmospheric photochemistry and respectively.
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Another concern of BrC is that they can absorb solar irradiance to influence tropospheric 
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